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This invention relates to the el imination of crab grassf r o m lawns and other infes ted areat and to a selectiveherbicidal material active against crab grass seed on a pre-emergence basis. The present app l i ca t i on const i tute s acontinuation-in-part of my similarly e n t i t l e d , c opendinga p p l i c a t i o n Serial No. 631,433 f i l e d December 31, 1956and now abandoned.Crab grass is a part i cu larly noxious turf weed that hase f f e c t i v e l y resisted control measures based on the appli-cation of ordinary post-emergence herbicides to the grow-ing p l a n t s in customary manner. A reasonably succe s s fu lmethod of combating crab grass in the past has been theuse of lead arsenate (in its dibasic form as P b H A s O t ) asa pre-emergence control, based on its toxic e f f e c t upon thecrab grass seed. The arsenate powder is mixed with aninert carrier, such as an inorganic soil conditioner, and isspread over the area to be treated. Rain or s p r i n k l i n g•washes it into the surface humus layer, where it exertsa toxic e f f e c t upon the seed. Experience has shown thatit has l i t t l e or no toxic e f f e c t upon desirable turf grasses.W h i l e in recent years it has been proven that lead arse-nate is more rel iable in its action than or ig inal ly supposedby those who f ir s t experimented with its use for crabgrass control (see F. A. W e l t o n and J. C. Carroll "Crab-grass in Relation to Arsenicals," Amer. Soc. Agron. Jour30:816-826,1938, and "Lead Arsenate for the Control ofCrabgrass" Amer. Soc. Jour. 39:413-521, 1947) and doesnot require the a p p l i c a t i o n of quite so great a quant i ty asor ig inal ly suppo s ed , it is s t i l l a comparatively expensivematerial for turf weed ki l l ing purposes, and its use hasbeen limited for that reason.In seeking a more readily obtainable and less expen-sive material for die purpose, I conceived the use ofarsenous oxide (As a O a ), or arsenic trioxide, as it is o f t e n ,

cal l ed, and initiated « series of tests to determine itss u i t a b i l i t y .
Arsenic trioxide is produced in highly ref ined form fora variety of uses, but it is also obtainable in greatquant i ty and at low cost in crude form as a normallywaste by-product of metallurgical smelting operations ofthe lead and zinc industries, particularly in the Westernpart of the. United States . S m e l t e r f l u e dus t s caught inthe bag houses of such smelters as that of the U n i t e d

S t a t e s S m e l t i n g , Mining, and Ref ining Company at M i d -vale , Utah , are approx ima t e ly 95% arsenic trioxide.
Previously, arsenic trioxide had been known and ex-

t e n s i v e l y used as a soil sterilant or comple t e herbicide.
Even though a variety of other arsenicals bad been pro-
posed and t e s t ed as pre-emergence controls for crab grass,the s t r o n g l y herbic idal quanti t i e s of arsenic t r i ox ide withrespect lo all growing vegetation had apparent ly elimi-nated it f r om serious consideration. •

The t e s t s i n d i c a t e d , however, that arsenic tr iox ide hasthe c a p a c i t y to de s troy crab grass seeds, wi thout undue
e f f e c t on ordinary tur f grasses, when a p p l i e d in quanti-
ties c on s id erab ly less than s u f f i c i e n t to act as a soil steri-

l a n t . N e v e r t h e l e s s , t h e amount necessary f or a t t a i n i n ge f f e c t i v e control f r o m a . commercial s t a n d p o i n t ' broughtabout excessive t u r f d a m a g e and showed tha t arsenic tri-oxide is not a s a t i s f a c t o r y commercial s u b s t i t u t e f o r . l e a d
6 arsenate. On the other hand, c ompara t iv e t e s t s carriedout with various arsenical s and various combinations ofarsenicals have shown that a combination, of arsenic tri-oxide and lead arsenate is a h i g h l y e f f e c t i v e pre-emergence control for crab grass and that it causes no10 s i g n i f i c a n t nor permanent damage to commonly .used.turf grasses, such as bluegrass,. f e s c u e s , bents, and ber-muda grass, when a p p l i e d at rates per unit area consider-a b l y less than has been customary with any s ingle arse-"nical known to be u s e f u l for this purpose.15 From the re su l t s of these tests, an optimum formula-tion was worked out f r o m an economic s t a n d p o i n t forgeneral use, wherein, lead arsenate .and arsenic trioxide.are present in a p p r o x i m a t e l y a one part to three parts byweight basis and wberein the total avai lab l e and e f f e c t i v e20 arsenic content is pre s ent to a gr ea t ly increased extent~perunit we igh t of the prepared material than was economi-c a l l y f e a s i b l e in prior f o r m u l a t i o n s using lead arsenatealone. .W h i l e the economic a spe c t of the mat t er is important ,-25 in that a way has been f o u n d to make available a r e a d i l yo b t a i n a b l e and low cost arsenical for crab grass control ,as well as to c o n s i d e r a b l y reduce the total quant i ty ofcontrol material required per unit area, e a r l y - i n d i c a t i o n sof superior r e su l t s f r o m use of the combined arsenicalsSO as a g a i n s t . u s e of either arsenical along in the quanti tynecessary to produce commercial ly a c c e p t a b l e , control,have been borne out fay extensive f i e l d and laboratory,tests. S u c h tes t s have shown an important synergism be-tween the combined arsenicals, c h i e f l y as respects eolu-85 bili ty. T h u s , it has been f o u n d that the presence -oflead arsenate enhances the s o l u b i l i t y of arsenic trioxide.thereby enab l ing a s i g n i f i c a n t l y les ser q u a n t i t y to be "em-ployed for pre-emergence control of crab grass thanwould otherwise be the case. Accord ingly, I have found

40 it po s s i b l e to use a rate of app l i ca t i on of the two arsenic-als which is low enough to be non-toxic and yet highenough to give commercially accep tab l e control.The principal ob j e c t of my invention is, there fore , to• provide an economical method and composi t ion for giy-
ing h i g h l y e f f e c t i v e and se lect ive control of crab grass inturf areas.A f ea ture of the invention is the a p p l i c a t i o n , to an in-f e s t e d turf area, of a combination of a p p r o p r i a t e arseh-. icals, p a r t i c u l a r l y arsenic trioxide and lead arsenate.

Further ob jec t s and f ea tur e s will become apparent fromthe f o l l o w i n g d e t a i l e d d e s c r i p t i o n of both method andc o m p o s i t i o n , r e f e r enc e be ing made to the accompanyingdrawing in which the s ing l e F I G U R E is a graph i l l u s t r a t i n g
. the e f f e c t of the presence of lead arsenate on the solu-bi l i ty of arsenic tr iox ide .

In carrying out ini t ial large-scale f i e l d t e s t s with vari-
ous ratios of arsenic t r i o x i d e and lead arsenate, an areaof t u r f heavily i n f e s t e d with large, hairy, crab grass was

. s e l e c t ed on the U n i v e r s i t y of U t a h campus and was di-
vided into ind iv idua l 100 square f o o t p l o t s , each ten byten f e e t in dimension. Of the se , a number of p l o t s which
a p p e a r e d t o 'b e h e a v i l y i n f e s t e d t o about an equal extentwere numbered and assorted in random fa sh ion to receive

.... d i f f e r e n t t r ea tmen t s . T h r e e of the p l o t s were set aside
for control purpose s . T h e y were not treated in any way.



3,057,709
Two batches o f each of f o u r d i f f e r e n t ra t io s o f l eadarsenate and arsenic tr iox ide mix ture s were a p p l i e d toeight d i f f e r e n t test p l o t s , u s ing pa ir s o f m u t u a l l y ad-j o i n i n g p l o t s for each set of the batches. Each batch con-tained the combined ar s en i ca l s on the basis of 15 p o u n d s 5per 1600 square f e e t of t u r f area, t o g e t h e r w i th ammo-nium n u l f a t c , river sand, and e x p a n d e d p e r l i t e granuleson the basis of a p p r o x i m a t e l y 15, 12 and 4 p o u n d s per

1600 square f e e t , r e sp e c t iv e ly .One of each of the pa i r ed p l o t s was t r ea t ed in Novem- 10her (Fal l). The other was t r ea t ed th e f o l l o w i n g Apri l( S p r i n g ) .A n a l y s i s for crab grass germinat ion and survival wascarried out the f o l l o w i n g S e p t e m b e r by making a chaingrid to cover the center 64 square f e e t of each p l o t . The 15
grid d i v i d e d the p l o t into d i v i s i o n s of 4 square f e e t each,and e l imina t ed one f o o t of m a r g i n a l area around the p l o t .The crab erass was counted by p u l l i n g the p l a n t s f r o meach grid section.The results of these te s t s are shown in the f o l l o w i n gtable: Table 1

20

P l o tNo.

61 ......60......32...—31 _ ...82......SI ...._48.. ....40......

A t i O iI b s . / i e o o
U ) . I t .

5577991111

P b H A s O iI b s . / l O O O«I. It.

10108B0044

P l o n t s / s q . f t . ,a p p l i c a t i o n
S p r i n g

1.0
0.28
0.12
O.G3

F a l l

1.14........
0.0
0.62

Percent c o n t r o l ,a p p l i c a t i o n gB
S p r i n g

87.3
"~"i£a

90.7
98.3

F a l l

07........ SO00
98.4
08.6

35On the basis of these r e su l t s , it was de termined <that theop i tmum propor t i on s of arsenic tr iox ide and lead arsenate• / for a commercial product having a maximum content of-, . / , arsenicals would be a p p r o x i m a t e l y 3 parts by weight of• j- arsenic trioxide to 1 part of lead arsenate. A c c o r d i n g l ya commercial f o r m u l a t i o n c o n f o r m i n g to this op t imumwas put on the market under the brand name of PaxAR-76.

C l u b of Los A n g e l e s dur ing the summer of 1956 by. re-searchers working in the Department of F l o r i c u l t u r e andOrnamental H o r t i c u l t u r e of t ie Univer s i ty of C a l i f o r n i a
at Los A n g e l e s .The area used for the tes t s had been heavily and uni-f o r m l y i n f e s t e d with hairy crab gross (Digitaria sanguin-alis) in 1955. The tur f In the area consisted of a mixtureof bermuda, bluegrass, bents, and. fescues. Both pre-emergence and po s t-emergence mater ial s were used inthese tests. I n d i v i d u a l test p l o t s for seven chemicals, ap-p l i e d at various rates and s chedule s , and a check p l o t madea to tal of f o u r t e e n comparative tes t s . The chemicals usedwere:( 1 ) P a x AR-76(2) A i a n a p 1-F (1% N-l n a p h t h y l p h t b a l a m i c a c i d )(3) Crag H e r b i c i d e 1 (90% 2,4- d i c h l o r o p h e n o x y e t h y ls u l f a t e )(4) PMAS (10% p l i e n y l mercuric a c e ta t e)( 5 ) S t a n d a r d l e a d arsenate with M i l o r g a n i t e(6) 18.90% d i s o d i u m methyl arsenate anhydrous(7) 20% sodium arsenoacetate.All t r e a t m e n t s were randomized in 4 replications. Eachp l o t was 100 square f e e t in size.The f i r s t a p p l i c a t i o n s o f pre-emergence mater ia l s wasmade on March 1, 1956 b e f or e crab grass had begunto germinate. Crab grass s e e d l i n g s in the two-leaf stagewere first' observed March 22, 1956. The post-emergenceherb i c ide s were f i r s t a p p l i e d at this time.Phenyl mercuric a c e ta t e a p p l i c a t i o n s were begun whenthe s e e d l i n g s were s m a l l , as observations have shown thisto be the most e f f e c t i v e period for the use of this material.Disod ium me thyl arsenate and sodium arsenoacetate weref i r s t a p p l i e d at the time of peak crab grass germination.T u r f i n j u r y and d i s c o l ora t i on notes were taken one weeka f t e r t r ea tmen t s . Estimates of the number of crab grassp l a n t s surviving each treatment were made by countingthe number of p l a n t s f ound in f o u r one-square-foot p l o t staken at random in each treatment. T h e s e counts weremade twice d u r i n g the summer, on J u n e 18 and on Sep-tember 13.The re sul t s of these t e s t s are presented in the tablebelow:

T r e a t m e n t s runted according to e f f e c t i v e n e s sJ u n o I S M read ing]

3. D l s o d l n m methyl arsenate (post-emergence) 2a p p l i c a t i o n ] .4. A l a n o p l - F (pre-emerccnce) 3 a p p l i c a t i o n s ......_
6. A l o n e p 1-F (pre-cmcrgcncc) 4 a p p l i c a t i o n s .._....7. A l o o a b I-F (pre-emergence) 3 a p p l i c a t i o n s ____8. Cmc H e r b i c i d e l (pro-emergence) 4 a p p l i c a t i o n s . .9. Standard lead nrsenoto p l u s M u o r g a n l t e (pre-emcrRence) 1 a p p l i c a t i o n .10. Disodium me t l iy l anenate (pos t-emergence) 3a p p l i c a t i o n s .11. Crag H e r b i c i d e 1 (pro-emergence) 4 a p p l i c a t i o n s . .12. Eiperimcntal H e r b i c i d e 1 (po s t - emergence) 5a p p l i c a t i o n s .13. D l s o d i u m methyl arsenate (post-emergence) 1a p p l i c a t i o n .

A p p l i c a t i o n dates

March 1... ....... ...........
do __ ___ . .........M n y l 4 , 2 3 ...... __ ..........

March 22, 29, A p r i l IS....... .—March 1, 29, May 14, J u n e Z2_.-March 22, May 14, J u n e 22......March 1, 29, May 14, May 23...\ f n r c h l - . - _
May 14, 23, June 22 ... — — — —
March 29, May 14, 23, J u n o 22..May 14, 23, J u n e 1, 7, 22.... __ .
May 14.........................

A p p l i c a t i o n rate per 100 sq. (t.

3.33 I b s . ( n p p r o i . 3K oz. lead arsenatoand 10 01. arsenic t h o x l d c ) .2.51b3._..............................

1.8 Ibs ..............................
1.8 Iba. __ ....... _ . __ ....... __ .1.8 I b s . — ............................
11 oz. lead arsenato p lu s 4 I b s . MU-orgnnite.

Number of crabCrass p l a n t s per sq.(t. average of 4rep l i ca t ions
J u n o 18,1930

0.00
0.000.66
LOG1.191.601.602.314.60
5.44

11.0012.25
12.31
23.88

Bent. 13,I S M
a oo
0.0011.2J
1.6010.812 . H )22.3111.0017.13

20.30
32.8145.31
10. «
95.94

T h i s c ompo s i t i on contains, by w e i g h t , a p p r o x i m a t e l y8.25% s t a n d a r d l ead arsenate , 25.11% ar s en i c . t r i o x id e ,0.35% technical Cblordane . 35% ammonium s u l f a t e . andt h e remainder e x p a n d e d p e r l i t e granules. The C h l o r d a n eserves as a quick-ac t ing p e s t i c i d e for moth larvae andear th worms. The ammonium s u l f a t e s u p p l i e s n i t r o g e n a sa tur f f o o d . The p e r l i t e is m e r e l y an inert material to addb u l k f o r s p r e a d i n g p u r p o s e s .C o m p a r a t i v e t e s t s of several crab grass h e r b i c i d e s wereconduc t ed on the 1 5 t h f a i r w a y o f the B e l - A i r Country

C o m p a r a t i v e field tes t s were conducted during the sum-mer of 1958 by the manufac turer of Pax AR-76. Thetests were commenced in May and continued throughmuch of S e p t e m b e r . T h e y were des igned to show the70 effect on crab gra s s - in f e s t ed turf of respective appl i ca-t i on s of a "Pax" f o r m u l a t i o n containing only arsenict r i o x i d e as the arsenical, only lead arsenate as the arseni-ca l , and a c o m b i n a t i o n of the two as in the commercialp r o d u c t . An a p p l i c a t i o n rate of 12.5 Ibs. per 1000 sq. f t . ,75 i.e. o n e - h a l f - t h a t recommended for "Pax." was a d o p t e d f o r .
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these t e s t s in order to emphasize s y n e r g i s t i c e f f e c t s forcomparat ive-purpo s e s . - The r e su l t s were as f o l l o w s :

Replication

1. ________2 __________

6~~ I7a — — — — — — —8 . __10.. — — — — . — —11 • • •1213 ___14151 6 — — — — — —
17 ——— ..-. ..... : .....18 .19 _________20..... _____ _

Totals......Average — —•Fercent control...

JL3,0,

PlantscountedIn 40p l u g s

7946
•1111. 291084326238 '914111119. 0
1723

61180.66

Calcu-la t ed»vg.Bum-b e r o fplant sper^a.
151.287:9128.3113.8•21.3£5.4206.782.440.744.018.817.226.821.321.336.30.015.332.544.0

1, 169. B68.4866.185

P b H A s O i

F l i n t scountccIn 40p lug s

£641
111021£33521
81429234018124141

£4627.3

Calcu-la t edovg.num-ber ofp l a n t sper,,.

107.078.4130.673.619.140.1101.460.940.115.3' It. 326.8£5.4.44.076.484.422. e7.6i.e78.4
1,043.5(2.175da BO

/ ! i O i ,P b H A s O *

Plant scountedIn 40p ings

2286i]
156216109057158302612

83010.6

Calcu-lat edavg.num-•bcr atp lan t s"X*
42.168.8113.870. T13.428.7118.530.619.117.2• 0.09.613.428.715.35.70.03.89.622.9

630. e31.576.40

10

16

20

25

30
P J u g g e r used in sampl ing had an area of 3.7656 aquaroinches..Average number of crab grass p l a n t s per sq. f t . = T o t a l

PercentI n s o l u b l e in HNO 3 —_______________ 0.009C h l o r i d e (CI)__________^___-_^_^____ 0.004N i t r a t e ( N O j ) __——___-_,:~-_____..,__-^__..™0.030S u b s t a n c e s not p r e c i p i t a t e d by:-- ....... • •HjS (as S0«)———..____^_:_^__^_:-- 0.090C o p p e r (Cu)—— 1 _. J . ^___ J _^ i ^ J .—^^ .^__ 0.005•Iron (Fe) ___________;__::____,__;.:,..•' 0.001
while the arsenic trioxide bad the f o l l o w i n g :

- PercentAssay (AsaOa)___________________-99.99 .Residue a f t e r i g n i t i o n ^ — _ _ _ _ _ _ _ _ _ _ _ — — 0.006I n s o l u b l e in ,NH 4 OH——__.._________•- 0.005C h l o r i d e ( C l ) _ _ _ ; — — — _ _ _ _ _ _ _ - _ ^ _ — 0.002S u i n d e ( S ) _ _ — — — — — — — — — i . — — — _ _ — — _ _ _ 0.001Antimony (Sb)___—____;________ 0-0001Lead ( P b ) _ _ _ — — — : _ _ _ _ _ _ _ _ _ _ — .0.0005I r o n ( F e ) _ _ _ _ _ — — — _ _ _ _ _ _ _ _ ^ _ _ _ _ — 0.0001
Arsenic trioxide concentration was determined by iodinet i trat ion. ..While a s imilar e f f e c t was apparent in both-series of•tests, it was more pronounced where the soil s o l u t i o n .was the d i s s o l v i n g agency. A c c o r d i n g l y , the results fromthose l a t t e r t e s t s were used in preparing the graph of theaccompanying drawing.. Determinat ions .for s o l u b i l i t y - of arsenic tr ioxide weremade at in t erva l s of one day; three days, one week, andtwo weeks on a series of f l a s k s containing 1000 cubiccentimeters of soil so lut ion into which various ratios • ofarsenic t r i ox id e and l ead arsehate had been, introduced,the Basks having been l e f t at room .temperature for . ' thetime p e r i o d s concerned. Simi lar s o l u b i l i t y determina-tions were made for control purposes "on" a f l a s k cpri-__ _ _ _ _ __ _ _ __

p l a n t s in 20 p l u g s x ! 4 4 / 2 0 x 3 . 7 6 5 6 = A v e r a g e p l a n t s 35 ta in ing only the soil s o l u t i o n "and' arsenic .trioxide andper p l u g X 1.9120Untreated • check p l o t s provided for control purpo s e saveraged 133.5 p l a n t s per square f o o t
Percent control was calculated as f o l l o w s :

As303( 133.5-53.48)-^133.5=59.99%PbHAsO 4 ( 133,5—58.48)-+-133.5=56.95%PfaHAsO r 4-AS J O,(133 .5—31^)-^133:5=76:4%;;- . -; i ;:;
T h e s e tests show that arsenic trioxide is 20.2%Jess .effi-cient in the control of crab grass when used alone rather 45'than in the "Pax" combination, and (fiat l ead arsehate ' is15.50% less e f f i c i e n t Thi s serves to confirm the t e s t sreported in the October 1956 issue (vol. 6 No. 4) of"Southern Cal i f ornia Tur fgra s s Culture" as presented.previously herein.In none of -these t e s t s ' w a s there any.-noticeable i n j u r yto turf grasses.In a d d i t i o n to the above, work carried out under mydirection has shown that areas treated with mixtures ofarsenic tr iox ide and lead arsenate are J e s s toxic to theseeds of common varieties of turf grasses than are areas.treated with either of these arsenicals alone, given thequantity necessary to produce e f f e c t i v e control f r o m acommercial s tandpo in t T h i s is d emons tra t ed by com-paring W e l t o n & Can-oi l ' s work ( s u p r a ) wi th the resul t sshown above to be achieved by this invention.T h a t one of the combined arsenicals has a b e n e f i c i a le f f e c t on the other with respect to achieving pre-emerg-ence control of crab grass in turf areas is c l ear ly demon-strated by a series of laboratory s o l u b i l i t y t e s t s and bygermination tests carried out in a greenhouse.. For the s o l u b i l i t y tests, reagent grade lead arsenate andreagent grade arsenic trioxide were added to re spec t ivesamples of d i s t i l l ed water and to respective samples ofa soil solution. The soil s o lu t i on was prepared by a l l ow-ing fifty .grams of sandy loam to soak in one l i t e r ofd i s t i l l e d water for a period of three d a y s , . with inter-mit t ent a g i t a t i o n . . The l ead arsenate used for these te s t sbad the f o l l o w i n g analysis:.

on one conta ining only the soil . solution and lead .arsenate.Such de terminat ions were carried out for a total of f i v er ep l i ca t i on s , .the results • being averaged and used in thepr epara t i on of the graph.' No s i n g l e d repl i cat ion gaver e su l t s at.variance..with, the generalization. The -par-t i cu lar .ratios of arsenic trioxide used and the" averagedresult s are tabulated a s f o l l o w s : . .... . •'
' FIRST' DAY •' ' "• "

Only PbHAsO( (2.84 g.)..._........ _ .50 Only AsiOi (2.85 e.) —— . —— ......... ....2.8S-1.0 ..... ________ . .
285-2.0 .... -. _ ..2.85-2 £ .._.......... _ ..._2.85-3.0 .. _____________2.85-3.5 _ .................

C6 2.86-4.0.. —— ...... —— ..........._..._

T H I R D D A l
F b H A s O i ___ ________ _ ..60 As.0i...._. ——— .......„..._.... —— ;.2.85-1.0 ..-.-.-—.--._.-—.—-. .._.2.85-1.5 __ . ________ _ .... __ ..2.85-2.0 . -2.85-2.6 . —— ....... ————— . ——— . ......2.85-3.0 „2.85-3.5 _______ ......................2.86-4 0

F I R S T W E E !
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PbHAaOi-- ——— .. ______ ...........AssO»......._. ... ______ ..........2.86-1 02.85-1.5- . ____ ... __________2.85-2.0 __________ ______ ....2.85-2.5. ____________________2.85-3.0._.-~ ........ ___ ..............2.86-3.5 _____________________2.85-4.0 . ..... _____ . _____ . __

0J0.46X10-<11.72X10-'1 3 . 5 3 X 1 0 - 'H.25X10-*H . 2 5 X 1 0 - <14.25X10-'14.25X10-'14.25X10-'

010B.1X10-*137.3X10-"183.2X10-"203 X10-»203 X 1 0 - '203 X10-«203 X10-'203 X10-'

Arsenical in grams4 — — — — — — — — — — — — — — — — — — — — — — — _ 0.14285 — — — — — — — — — — — — — — — — — — — — — — — _ 0.1785
6 — — — _ — _ — _ _ — _ _ _ — — — — — — — — . 0.2142
7 ________________________ 0.2499

The d i s h e s were each seeded with 0.1 gram of ninemonth old crab grass seed. F i e l d c ondi t i ons were ap-p r o x i m a t e d by h o l d i n g the dishes La the r e f r i g e r a t o r at10 5" C. for three weeks and by then p l a c i n g them in agreenhouse for germination. Each series was r e p l i c a t e dsix times, and six check di she s pr epared in the same wayas the others but without arsenical were run as controls,one for each r e p l i c a t i o n .After ten days in the greenhouse, the check or controldi sh e s i n d i c a t e d that germination was complete . . Accord-i n g l y , observations were under taken a t tha t ' t ime .Previous t r ia l s had i n d i c a t e d that it is impract i cal toa t t e m p t to de t ermine percent control and that the lowes t

By the f o u r t e e n t h day, those f l a s k s c o n t a i n i n g greaterratios of lead arsenate had reached equi l ibr ium as to theamount of arsenic t r i ox id e which would go i n t o s o l u t i o nunder exact ing c o n d i t i o n s of t e m p e r a t u r e , etc. T h o s econtaining the two lowest q u a n t i t i e s of l ead ar s ena l s 15were s t i l l progre s s ing toward equil ibrium.T h e s e c a r e f u l l y c on t ro l l ed t e s t s r e s u l t s show tha t l eadarsenate provide s no s o l u b l e , t i l r a t a b l e m a t e r i a l , but tha t ,over a reasonably short period of t i m e f the r a p i d i t y ofdi s s o lu t i on of the arsenic tr iox ide is g r e a t l y increased by 20 rate of arsenical a p p l i c a t i o n at which no germination oc-the presence of J e a d arsenate. In f a c t , the increase in curs is a r e l i a b l e criterion for evaluation of the relativee f f e c t i v e n e s s of various arsenicals.In order to p o s i t i v e l y determine such lowest rate, 100s eeds were picked off with tweezers f rom those Petriof the lead arsenate in this respect became less. It is 25 d i she s at the lowest arsenical concentration showing noclear .that more arsenic is -brought into soil solution when indications of germination and were examined under ad i s s e c t i n g microscope for any physical evidence ofgerminat ion . No evidence was observed in any instance.Thes e seeds were then thorough ly washed with distilledc learly shown by the f a c t that no seeds are k i l l e d when 30 water to remove all -traces of arsenical and were placedp l a c e d d i r e c t l y in the dry c o m p o s i t i o n and left there for on a r s e n i c a l - f r e e soil under ideal germination condi t i ons ,a cons iderable period of time. A c t i v i t y of the' com- No germinat ion occurred.po s i t i on when p r a c t i c a l l y a p p l i e d in the f i e l d f o l l o w s the The r e su l t s of these c o n f i r m e d observations are shownsame schedule as the laboratory s o l u b i l i t y tests. If Ken- j n th e f o l l o w i n g tab le:tucky bluegrass seeds are p l a n t e d in a tr ea t ed area, they 35germinate and e s t a b l i s h normal growth if p l a n t e d atthe time of t r ea tment . If p l a n t e d one week l a t e r how-ever, germinat ion is r educ ed; if two weeks la t e r , ger-mination i s s er ious ly r e d u c e d ; i f three weeks l a t e r , l i t t l eor no germination occurs. The l a t t e r t ime is the period 40of greates t t o x i c i t y a f t e r a f i e l d a p p l i c a t i o n o f the com-pos i t ion. A f t e r t ha t , t o x i c i t v t a p e r s o f f . At th e endof two and a h a l f to three months a f t e r t r e a t m e n t , theseeds can again be p l a n t e d w i thou t danger.Crab grass seeds are a f f e c t e d sooner in thi s time

r a p i d i t y of d i s s o l u t i o n is p r o p o r t i o n a l to the quanti ty ofiead arsenate present, a l t h o u g h as the q u a n t i t y is in-creased beyond -the ratio of about one to one the e f f i c i e n c y

both are present than when ei ther is pre s ent alone.That s o l u b i l i t y is of i m p o r t a n c e in the achievement ofsuperior result s by the compos i t i on of the invention is

P n r t l c u J o r r ep l i ca t i on
Lowest rate of a p p l i c a t i o n sboirtngcontrol

12 . ..... ...34 .5 .6.. ._

AsiOi

0. 21420.24090.21-120. 24990.21420.17850.2142

"Pax" com-b l n n t l o n
0.14280.14230.14280.17850.17830 H2S0.1428

P M I A s O j

Do.Do.Do.
Do.s c h e d u l e and for a l o n g e r per iod of t ime because of 45 6

the ir greater s e n s i t i v i t y to arsenical s .For the greenhouse germinat ion te s t s , Petri dishes wereprepared c o n t a i n i n g soil and the re spec t ive arsenical s to It can be seen ,hat ^ .,pax,. combination of 5^
be te s t ed Each di sh contained 40 grams of soil spread out (2 gs ^ A Q , j P b H A s o 4 ) gave the best con-to a d e p t h of V* Inch . Ths ,s c omparab l e to f i e l d con- 6° uol of crab grass seed germinat ion in e f c hd i t i o n s , wherein for most soil s the zone of arsenical pene-tration is a p p r o x i m a t e l y V4 inch.Inasmuch as very low rates of the arsenical s concernedare e f f e c t i v e under id ea l c o n d i t i o n s of d i s t r i b u t i o n andtheir comparat ive p e r f o r m a n c e can be best a p p r e c i a t e dwhen tested at the lowest e f f e c t i v e concentration, soil-arsenical ratios ranging f r o m 0.089172% to 0.62089%were used for each of the arsenic t r i o x i d e alone, l ead.

*'

As i n d i c a t e d , l ead arsenate gave nonot in c o n f o r m i t y with f i e l d t e s t i n g , where the leadarsenate gave control at l eas t equal to that of arsenic65 tr ioxide . The e x p l a n a t i o n u n d o u b t e d l y l i e s in the fac tt ha t , at the rates u s ed, an i n s u f f i c i e n t period of time wasinvolved in the te s t s for any control to be exercised.Field a p p l i c a t i o n s of lead arsenate are u sua l ly mademonths prior to the germination period for crab grass
The lowest ratio in the range was equal to an arsenicala p p l i c a t i o n rate of 1.2 p o u n d s per 1000 sq. ft.In each instance, the arsenical was i n t i m a t e l y mixedwith the soil and s u f f i c i e n t water to make a slurry priorto p l a c e m e n t in the di sh. T h i s p r o v i d e d enough waterto carry seed germination through to c o m p l e t i o n of thetest.The ar s en i ca l s used were of the same a n a l y s i s as in thes o l u b i l i t y tests . In each ins tance , a series of t e s t s weremade with the p a r t i c u l a r arsenical pre s ent in the f o l l o w -ing quant i t i e s :
T e s t : A r s e n i c a l in grams•1 — — — — — — — — — _ _ _ — — — — _ _ _ _ _ 0.03572 — — — — — — — — — — _ _ _ — — — _ _ _ _ _ 0.0714

. _ , , . * * J W * * f c * a « J * « A W 1 IV tuw K V I U U U H I I U U 1 / h . i i U U 1.U1 ^laU Kl I l d 3» _!8* rl'°; 60 seed. It is not f e a s i b l e to run greenhouse t e s t s over such

3 _

a l o n g p e r i o d , since the a d d i t i o n of water d i s t u r b s thep o s i t i o n of the arsenical with respect to the seed andk e e p i n g the di shes in a sa turated atmosphere brings onattack by f u n g i even at low temperatures.05 It is h i g h l y s i g n i f i c a n t tha t , even though lead arsenatealone showed DO control at these low rates of app l i ca-t i on and for the short t ime per iod involved, it did inc o m b i n a t i o n with arsenic t r i o x id e s i g n i f i c a n t l y enhancethe control a f f o r d e d by tha t arsenical alone.
70 T h a t these germination te s t s correlate well with whatwas observed in the f i e l d t e s t s , as well as the laboratorys o l u b i l i t y t e s t s , is i n d i c a t e d by the f a c t that the times c h e d u l e of a c t i v i t y is a p p r o x i m a t e l y the same in all threes i t u a t i o n s . T h u s , the s o l u b i l i t y tes t s ind i ca t e that equi-0.-1071 75 l ibr ium is reached in a p p r o x i m a t e l y two and one hal f to
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three weeks. Seed t o x i c i ty tes t s in the f i e l d i n d i c a t e that"Pax" app l i ca t i on s reach their. greates t t o x i c i t y level in•two and one half to three weeks, with a gradual t a p e r i n gof f period therea f t er . Germinat ion s t u d i e s ind i ca t e thatif the p l a t e s are seeded and set to germinate i m m e d i a t e l y , 6higher rates of arsenical are required .than if f i e l d condi-tions are approx imat ed by h o l d i n g the p l a t e s at low tem-perature in the r e fr igera tor for three weeks prior to beingplaced for germination.That the hastened solution of the arsenic trioxide by 10the lead arsenate is of importance in the pre-cmergencecontrol of crab grass seed is indicated by similar Petridi sh germination s tudie s set up in washed s i l i ca sand,rather than soil. The sand-containing di she s requiredonly one-tenth the range of arsenic to cause pie-emergence 15seed des truct ion as was required by the so i l - conta iningdishes.All natural soils other than s t ra ight sand have arsenicf i x i n g capacity. Arsenica l s in s o l u t i o n are f i x e d by thec lay partic le s , by certain m e t a l l i c hydrox ide s , and by col- 20l o ida l organic material. That the f i x e d arsenical is l e s sactive as a seed toxicant than f r e e arsenicals in s o l u t i o nis demonstrated by the much lower arsenical rate requiredin sand tests as compared to soil tests. Since soil f i x a t i o nof arsenical materials occurs constantly, the more r a p i d l y 25the arsenic trioxide goes into s o l u t i o n , the more f r e earsenic t r i ox ide would be f o u n d in the soil so lut ion priorto f i x a t i o n of the material -by the soil. Con s equen t ly bys p e e d i n g up the s o l u t i o n of arsenic I r i o x i d e without s p e ed-ing up the soil f i x a t i o n , the lead arsenate s u p p l i e s a higher SOrate of f r e e arsenic trioxide in the soil s o lu t i on for whatis obviously a critical per iod.F i e l d tes t s were made by W i l l i a m H. Daniel at F u r d u eUniver s i ty in -1958, using lead arsenate in comparison withthe commercial "Pax" produc t The resins in terms of 36percent crab grass i n f e s t a t i o n are shown in the f o l l o w i n gtable:», . n n n t .. P e r c e n t ' c r a bRates per 1000 square f e e t : grass i n f e s t a t i o nLead arsenate (98% actual arsenical), Ibs.—. 1 6 ____•___________________ ' 1 8

20 _________________________ 1524 __ _ ____________________ 12
Pax AR-76 (combined arsenicals—33.36 %), Ibs.—12 _______________________ 30.18 . - — — — — — — — — - — — — — — - — — — — — 1025 _________________________ 5

The results in terms of percent crab grass control andthe same per pound of arsenical are shown in the f o l l o w -ing table: eo

Rates per 1000 sq. f t . : Percent crab grass controlLead arsenate (98% actual arsenical), Ibs.—15.68. — — — — — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 8219.60 — — — — — — — _ _ _ _ _ _ _ _ _ _ _ _ _ 85 B623.52 __———________________ 88
Pax AR-76 (combined a r s e n i c a l s — 3 3 . 3 6 ) ,Ibs.—4.02 _____________________ 706.01 ________ __ _ __ 90 608.34 _———_______________ 95

From the averages shown in the above table, it can be seenthat the combination of arsenicals in the product of thisinvention is 3.2 times more e f f e c t i v e than comparable rates 6gof lead arsenate alone.Other tests have indicated •that a combination of calci-um arsenate with lead arsenate acts in much the- samew a y ' a s t h e arsenic t r i ox ide- l ead arsenate combination, a l -though not to so great an extent In other words, the ^Qcombination gives more e f f e c t i v e pre-emergence control
of crab grass than does either used alone.Whil e crab grass is the most wide spread of noxious t u r fweeds and has received the most a t t e n t i o n , it has beenf ound that the compos i t ion of the invention is also ap- 75
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p l i c a b l e to the pre-emergence control of various othernoxious turf weeds, such as annual bluegrass (Ppaannua)•and common d a n d e l i o n (Taraxicum officinale). .Itis also,active on a pre-cmergence basis against various other com-mon weeds, such as f o x t a i l ( S e t a r i a sp.) and .wild barley( H o r d i u m sp .).•Whereas there are here i l l u s t r a t e d and.described cer-tain .preferred c ompo s i t i on s and procedures which I pres-e n t l y regard as the best mode of carrying out my inven-tion, it should be understood that various changes maybe made without d epar t ing f r o m the d i s c lo s ed inventivesub j e c t mat t er p a r t i c u l a r l y po in t ed out and d i s t inc t lyclaimed herebelow.I claim:1. A pre-emergence .herbicide, comprising arsenic tri-oxide; and lead d iba s i c arsenate, each being present inconcentrat ion e f f e c t i v e as .a pre-emergence control forturf weeds, the combined concentrations being f a t a l l yi n j u r i o u s to seeds of turf weeds but s u b s t a n t i a l l y barm-le s s to turf grasses.2. The compos i t i on of claim 1, wherein the quantityof arsenic tr iox ide is a p p r o x i m a t e l y three times the quan-t i t y of lead d i ba s i c arsenate.3. A pre-emergence herbicide, compri s ing. lead dibasicarsenate; end -an arsenical selected from the group con- •s i s t i n g of arsenic tr iox ide and calcium arsenate, eachbeing present in concentration e f f e c t i v e as a pre-emergencecontrol for t u r f weeds, the combined concentrations beingf a t a l l y i n j u r i o u s to seeds of turf weeds but sub s tan t ia l lyharmless to t u r f grasses.4. A c o m p o s i t i o n for the pre-emergence de s truc t ion ofcrab grass in turf areas, compri s ing an inert carrier; ar-senic trioxide; and lead dibasic arsenate, each being pres-ent in concentration e f f e c t i v e as a pre-emergence controlfor t u r f weeds, the combined concentrations -being f a t a l l yin jur ious to seeds of turf weeds but s u b s t a n t i a l l y harmlessto tur f grasses.5. The compos i t ion of c laim 4, wherein the quanti ty ofarsenic tr iox ide is a p p r o x i m a t e l y three times the quantityof lead dibasic arsenate.6. A compos i t i on for the pre-emergence des truct ion, ofcrab grass in turf areas, -comprising an inert carrier; leaddibasic arsenate; and an arsenical se lected from the groupcons i s t ing of arsenic tr ioxide -and calcium arsenate, eachbeing present in concentration e f f e c t i v e as a pre-emergencecontrol for turf weeds, the combined concentrations beingf a t a l l y i n j u r i o u s to seeds of turf weeds but s ub s tan t ia l lyharmless to turf grasses.7. A method of des troying crab grass seed in turf areas,compris ing spr ead ing over the surface of a turf area con-t a i n i n g crab grass seed in a dormant s t a t e at least a seed?k i l l i n g quant i ty of a composi t ion containing an inert car-rier; arsenic t r i ox ide; and lead dibas i c arsenate, each beingpresent in concentration e f f e c t i v e -as a pre-emergence con-trol for turf weeds, the combined concentrations beingf a t a l l y injurious to seeds of turf weeds but substantiallyharmless to turf grasses.8. The method of claim 7, wherein the compositioncontains a p p r o x i m a t e l y three times as much arsenic tri-oxide as l ead d ibas i c arsenate.9. A method of de s troying crab grass seed in turf areas,compr i s ing spr ead ing over the sur face of a turf area con-taining crab grass seed in a dormant state at least a seed-k i l l i n g q u a n t i t y of a compos i t ion containing an inert car-rier; lead dibasic arsenate; and an arsenical selected fromthe group consisting of arsenic trioxide and calcium ar-senate, each -being present .in concentration e f f e c t i v e as apre-emergence control for turf weeds, the combined con-centrations being f a t a l l y in jur iou s to seeds of turf weedsbut s u b s t a n t i a l l y harmless to turf grasses.
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